This article gives an overview of gamma-ray bursts (GRBs) and their relation to astroparticle physics and cosmology. GRBs are the most powerful explosions in the universe that occur roughly once per day and are characterized by flashes of gamma-rays typically lasting from a fraction of a second to thousands of seconds. Even after more than four decades since their discovery they still remain not fully understood. Two types of GRBs are observed: spectrally harder short duration bursts and softer long duration bursts. The long GRBs originate from the collapse of massive stars whereas the preferred model for the short GRBs is coalescence of compact objects such as two neutron stars or a neutron star and a black hole. There were suggestions that GRBs can produce ultrahigh energy cosmic rays and neutrinos. Also a certain sub-type of GRBs may serve as a new standard candle that can help constrain and measure the cosmological parameters to much higher redshift than what was possible so far. I will review the recent experimental observations.
Gamma-Ray Bursts
This section briefly overviews the gamma-ray burst (GRB) phenomena [1] [2] [3] [4] [5] . GRBs are one of the most extreme explosive events ever observed. They were discovered in late sixties and reported to the scientific community in early seventies 6, 7 . In spite of tremendous effort and numerous observations there are still open questions concerning their detailed physics. They occur roughly once per day and are characterized by flashes of γ-rays typically lasting from a fraction of a second to thousands of seconds, see Fig. 1(a) . It has been found that the duration distribution of their γ-ray prompt emission is bimodial 8 which suggested that there were two groups of GRBs, see Fig. 1(b) . Later, based on more observations, it has been confirmed that these two GRB groups were two distinct astrophysical populations: I. so called long GRBs with prompt γ-ray emission 2 s that has been identified to be gravitational collapses of massive stars due to their association with type Ic core-collapse supernovae, and II. so called short GRBs with prompt γ-ray emission 2 s that has been suggested to originate in a merger of two compact objects such as NS-NS or NS-BH 9 . It was proposed that they lie at cosmological distances 10 and they are created in collisions of highly relativistic outflow of the accelerated jetted matter 11, 12 . In many cases it was found that the prompt γ-ray emission is followed by longer-lasting afterglow in soft X-ray, optical or radio waves 13, 14 explained as a result of the interaction of the relativistic outflow with the circum-burst WSPC Proceedings -9.61in x 6.69in ripa1 page 2 2 medium. Observations found that their redshifts are up to z = 9.4 with z ≈ 0.5 for short GRBs and z ≈ 2.0 for long GRBs 9 which requires energy release up to an isotropic-equivalent value of ∼ 10 54 erg. 
Relation of GRBs to Cosmology
There were discovered several correlations in the properties of the GRB emission: the anti-correlation between isotropic luminosity L iso and spectral lag τ lag of the prompt γ-ray emission 16 ; the correlation between L iso and light-curve variability V 17 ; the spectral peak energy of the prompt γ-ray emission E peak and isotropicequivalent released energy E iso correlation 18 , see Fig. 2(a) ; E peak and collimated energy E γ correlation 19 ; E peak and peak luminosity L p correlation 20 ; correlation between E peak , E iso and rest-frame temporal break in optical afterglow light curve t break 21 ; and a correlation between L iso , E peak and prompt 'high-signal' time-scale T 0.45 (variability) 22 . This makes GRBs a potential tool to constrain cosmological parameters [23] [24] [25] [26] , see Fig. 3(a) . It was also found that the peak flux F p (at 2 eV and z = 2) might anti-correlate with peak time t p in the optical lightcurves 27-29 , see Fig. 2(b) . A similar anticorrelation for the peak luminosity in R band of the onset bumps and less steep for the re-brightening bumps in the optical lightcurves was found 30 . Unfortunately for many observations the peak time t p is unknown and further optical observations at earlier times are needed.
More early optical observations with fine sapling of the light curves around the peak times below one minute could be provided by the Ultra-Fast Flash Observatory pathfinder (UFFO-p) [31] [32] [33] . It is a novel spaceborn instrument dedicated to detect GRBs and rapidly follow their optical/ultraviolet counterparts to provide prompt optical and early afterglow measurements. It consists of two scientific instruments, scope (SMT) [39] [40] [41] [42] with the field of view of 17 ′ ×17 ′ and UV range of 200−650 nm. It consists of a Ritchey-Chrétien telescope with an Intensified Charge-Coupled Device in its focal plane. In front of the telescope there is placed a fast plane slewing mirror which allows to redirect the optical path and start observation within ≈ 1 s since it receives the target direction. SMT slewing mirror provides approximately the same sky coverage as UBAT's HCFOV. UBAT and SMT have been assembled and integrated with the control electronics on UFFO-p which is planned to be launched on the Lomonosov Moscow State University satellite 43 . Fig. 4 . The photo shows assembled UFFO-p with its two scientific instruments: UBAT and SMT. From ref. 37 
Relation of GRBs to Astroparticle Physics
GRBs were proposed to be sites for accelerating ultra-high energy cosmic rays and sources of very high energy neutrinos up to 10 17 ∼ 10 19 eV [44] [45] [46] [47] [48] . However, the recent results from the IceCube detector 49 suggests that the efficiency of neutrino production may be much lower than predicted 50 . 4-years data of IceCube put constraints on the prompt neutrino flux from GRBs, see Fig. 3(b) . A single lowsignificance neutrino, compatible with the atmospheric neutrino background, was found in coincidence with one of the 506 observed GRBs 51 .
